Background Our study validated the low anterior resection syndrome (LARS) score questionnaire, the colorectal functional outcome (COREFO) questionnaire, and the Memorial Sloan-Kettering Cancer Center bowel function instrument (MSKCC-BFI) in Greek rectal cancer patients.
Introduction
Mesorectal clearance and neoadjuvant radiotherapy have led to superior oncologic outcomes for rectal cancer patients [1, 2] . Sphincter preservation techniques are applied to the vast majority of locally advanced rectal cancers [3] . Avoidance of permanent stoma is achieved at the cost of unavoidable functional disturbances, such as increased bowel frequency, urgency, fecal incontinence, and evacuation difficulty, collectively referred to as low anterior resection syndrome (LARS) [4, 5] .
The heterogeneity of symptoms and the lack of validated systems to capture the LARS have led to inadequate assessment of this syndrome's impact, which may persist for years [4] . Initial attempts at symptom scoring were mainly focused on fecal incontinence instruments and were not able to reveal the complexity of LARS [6] [7] [8] [9] . In 2005, the colorectal functional outcome (COREFO) questionnaire, as a modification of the existing Vaizey scale, was introduced as a more thorough, self-completing instrument [10] . In the same year, the Memorial Sloan-Kettering Cancer Center bowel function instrument (MSKCC-BFI) was also introduced [11] . In 2012, an accurate, brief questionnaire, the LARS score, was developed, containing the 5 most bothersome LARS symptoms [12] . The LARS score was then extensively validated in several countries [13] [14] [15] . Bowel function-related quality of life (QoL) instruments, such as the European Organisation for Research and Treatment of Cancer's Quality of Life Questionnaire (EORTC QLQ-C30), with the addition of the Colorectal Module QLQ-CR29, have been used complementarily to evaluate LARS and also to validate rectal dysfunction questionnaires [17, 18] .
Our goal was to assess the LARS score, COREFO and MSKCC-BFI questionnaires simultaneously in parallel with EORTC QLQ-C30 and QLQ-CR29 questionnaires in a series of patients after sphincter-preserving surgery for rectal cancer, in order to validate all 3 questionnaires in Greece. Αn additional objective was to conduct a comparative study of the 3 questionnaires with the purpose of revealing the most convenient one for the assessment of LARS.
Patients and methods

Study population
From the 325 rectal cancer patients' medical records initially reviewed, 112 patients were deemed eligible and eventually entered the study. Included patients had been treated in either an academic unit, a National Health System hospital or a private institution during the period 2007-2017. Inclusion criteria were: rectal adenocarcinoma up to 15 cm from the anal verge, low anterior resection (LAR) with either partial or total mesorectal excision (PME or TME), with or without intersphincteric resection and with or without defunctioning protective ileostomy, in the latter case with the stoma reversed at least 6 months prior to assessment. Exclusion criteria included recurrence, metastatic disease, presence of stoma, dementia, and inability to speak Greek. The sample description is shown in Table 1 and the flowchart of the study in Fig. 1 . Informed consent was obtained from every patient who participated in the study. The study was approved by the Medical Research Ethics Committee of each hospital and was conducted in accordance with the Declaration of Helsinki (1989) of the World Medical Association. During their visit to a dedicated colorectal cancer clinic, patients were either interviewed personally or asked to answer the questionnaires by themselves, with or without assistance from a family member.
Translation
Greek versions of EORTC QLQ-C30 and QLQ-CR29 questionnaires were used. After permission had been obtained from the original authors, the English versions of the 3 bowel dysfunction questionnaires were translated into Greek using a forward and back translation process, according to the current recommendations from the World Health Organization (WHO) and the EORTC [19, 20] . After translation, questionnaires were given to selected patients to determine if the questions appeared clear, understandable and in logical order (face validity).
Test-retest reliability
Repeat questionnaires were given to a number of patients 7-14 days after the initial answers in order to assess their testretest reliability. 
LARS score questionnaire
The most important QoL-affecting LARS score questionnaire items are: incontinence to flatus, incontinence to liquid stools, frequency, clustering and urgency. Highest scores are given to clustering and urgency. The LARS score consists of 5 questions and total scores range from 0-42. A score of 0-20 indicates no LARS, a score of 21-29 minor LARS, and a score of 30-42 major LARS [12] .
COREFO questionnaire
The questionnaire consists of 27 questions and has 5 subscales (incontinence, social impact, frequency, stool aspects, need for medication). The responses are given on a 5-point Likert scale for all items, apart from the 2 that ask the frequency of bowel movements. Higher scores indicate worse bowel function [10] .
MSKCC-BFI questionnaire
The MSKCC-BFI questionnaire includes 18 items involving 3 subscales, 4 individual items of clinical significance and one total score that is obtained by summing all 18 items [11] . The responses are given on a 5-point Likert scale for all items, apart from the item that asks the frequency of bowel movements. Higher scores indicate better bowel function.
EORTC QLQ-C30 and QLQ-CR29 questionnaires
The EORTC QLQ-C30 comprises 30 questions. Five functional scales, 3 symptom scales, a global health status/ QoL scale, and 6 single items are included. Functional severity scales range from 0 (worst function) to 100 (best function). The symptom severity scales range from 0 (least severe) to 100 (most severe) [17, 21] . The EORTC QLQ-CR29 is an updated module based on the EORTC QLQ-CR38 questionnaire; it is a colorectal-specific QoL questionnaire and includes 4 functional subscales and several subscales [18] .
Statistical analysis
Internal consistency for the subscales of questionnaires was assessed using Cronbach's alpha coefficient [22] . The range of index values is from 0-1. Large values suggest broad consistency of the questions that comprise the subscale. The repeatability test (test-retest) was performed by applying the statistical intraclass correlation coefficient (ICC) criterion. This criterion takes values between -1 and +1. Values close to 1 indicate a high repeatability of the questionnaire. Test-retest reliability was also evaluated using a BlandAltman plot with 95% limits of agreement (not shown in results). Results for repeatability are presented with ICC and 95% confidence intervals. Construct validity and associations between questionnaires' subscales (convergent validity) were evaluated with Spearman's correlation (rho). The convergent validity was determined by computing the correlations between each of the 3 questionnaires (LARS score, MSKCC-BFI, COREFO) and the EORTC QLQ-C30 and QLQ-CR29. Discriminant validity was investigated by the ability of the 3 questionnaires to differentiate between groups of patients with different clinical features, such as age, sex, postoperative period, temporary stoma, tumor distance from the anal verge, and neoadjuvant radiation therapy. Categorical data were expressed as absolute and relative (%) frequencies, and continuous data as either mean and standard deviation, or median and interquartile range. Since the data were not normally distributed (tested by Kolmogorov-Smirnov and graphically with Q-Q plots) Mann-Whitney and Kruskal-Wallis tests were used to evaluate the association between scales and patient characteristics (discriminant validity). The level of statistical significance was set to alpha 5%. All analyses were conducted using SPSS v22 (SPSS Inc., Chicago, IL). Table 2 presents the results of the internal consistency and test-retest checks for each subscale of the questionnaires. The internal consistency check was performed on the subscales where it was applicable. Overall, the internal consistency of the subscales was satisfactory (Cronbach's a>0.6), apart from the stool aspects subscale of the COREFO questionnaire, where the internal consistency was moderate (Cronbach's a=0.533). The repeatability test showed that all the subscales were characterized by extremely high reproducibility (ICC>0.9). 
Results
Internal consistency and repeatability
Construct validity
LARS construct validity
Highly positive correlations (P<0.001) were detected between LARS total score and each of the questions. Specifically, total score was significantly interrelated with incontinence to flatus (question 1, rho=0.558), incontinence to liquid stool (question 2, rho=0.550), bowel frequency (question 3, rho=0.548), clustering (question 4, rho=0.682) and urgency (question 5, rho=0.898). The fact that all questions were so strongly associated with the total LARS score indicates that this is a well and carefully structured valid questionnaire.
COREFO construct validity
Total COREFO score was highly positively correlated with all subscale scores (rho>0.4). In addition, all COREFO subscale scores were correlated with each other (rho>0.4), except for the stool-aspects subscale, which was not adequately correlated with either the incontinence or the frequency subscale (rho<0.2). Overall, the COREFO questionnaire had valid construction.
MSKCC-BFI construct validity
Total MSKCC-BFI score was highly correlated with all subscale scores (rho>0.5), indicating the valid construction of the questionnaire. In addition, a high positive correlation was detected between many subscales (rho>0.3) (analytical data not shown).
Convergent validity
LARS convergent validity
The LARS questionnaire demonstrated good convergent validity through significant correlations with comparable domains of the EORTC QLQ-C30 and QLQ-CR29 questionnaires (Table 3) . A highly negative correlation was detected between LARS total score and the QoL subscale of the EORTC QLQ-C30 questionnaire (rho=-0.628). Thus, the higher a patient's LARS score, the lower the expected QoL. Likewise, statistically significant negative correlations were detected between LARS and functional scales (rho<-0.3). On the other hand, the LARS score was significantly positively correlated with fatigue and diarrhea subscales (rho=0.443 and rho=0.556, respectively). The LARS score was also (Table 3) .
COREFO convergent validity
The COREFO questionnaire demonstrated good convergent validity through significant correlations with comparable domains of the EORTC QLQ-C30 and CR29 questionnaires (analytical data not shown). A high negative correlation was detected between COREFO total score and the QoL subscale of the EORTC QLQ-C30 questionnaire (rho=-0.703). Likewise, statistically significant negative correlations were detected between COREFO total score and role functioning, emotional functioning and social functioning (rho<-0.3). On the other hand, COREFO total score was significantly positively correlated with fatigue, pain and diarrhea subscales (rho=0.385, rho=0.304 and rho=0.563, respectively). With regard to EORTC QLQ-CR29, COREFO total score was significantly positively correlated with anxiety, body image, abdominal pain, defecation problems, incontinence, sore skin and embarrassment (rho>0.3).
MSKCC-BFI convergent validity
A statistically significant positive correlation was detected between MSKCC-BFI total score and the QoL subscale of the EORTC QLQ-C30 questionnaire (rho=0.641, analytical data not shown). Positive correlations were also detected between MSKCC-BFI total score and role functioning, emotional functioning and social functioning (rho=0.569, rho=0.389 and rho=0.517, respectively). On the other hand, MSKCC-BFI total score was significantly negatively correlated with the fatigue and diarrhea subscales (rho=-0.379 and rho=-0.634 respectively). As regards EORTC QLQ-CR29, MSKCC-BFI total score was significantly negatively correlated with body image, defecation problems, incontinence, sore skin and embarrassment (rho<-0.3, analytical data not shown).
Discriminant validity
Statistically significant associations were detected between LARS, COREFO, MSKCC-BFI scores and tumor distance, as well as temporary stoma (P<0.001 and P=0.009, P<0.001 and P=0.005, P<0.001 and P=0.002 respectively, Table 4 ). In addition, COREFO and MSKCC-BFI scores were significantly associated with neoadjuvant radiation therapy. Patients with tumor distance ≤10 cm and those who had a temporary stoma had higher LARS and COREFO scores but lower MSKCC-BFI score than those with tumor distance >10 cm and those with no stoma. Likewise, patients who had undergone radiotherapy had higher COREFO score and lower MSKCC-BFI (Table 4) .
Associations between questionnaires
LARS total score was significantly positively correlated with all the subscales of the COREFO questionnaire, as well as the COREFO total score, and especially with incontinence and social impact (rho 0.703 and rho 0.861) ( Table 5 ). Statistically significant negative correlations were detected between LARS score and all MSKCC-BFI subscales, notably urgency and clustering (rho -0.785 and rho -0.666) (Table 5 ). Lastly, COREFO incontinence and social impact scales, as well as COREFO total score, were significantly negatively correlated with all MSKCC-BFI subscales (analytical data not shown). COREFO frequency subscale was positively correlated with MSKCC-BFI frequency subscale (rho=0.317) and negatively correlated with diet, urgency, incomplete evacuation and clustering on the MSKCC-BFI questionnaire. Stool aspects of the COREFO questionnaire were negatively correlated with incomplete evacuation and total score on the MSKCC-BFI (rho=-0.420 and rho=-0.325, respectively). The need for medication COREFO subscale was negatively correlated with all MSKCC-BFI subscales (analytical data not shown).
Discussion
The present study achieved validation of Greek versions of the LARS score, COREFO and MSKCC-BFI questionnaires in rectal cancer patients. All 3 questionnaires were validated through the same validation process and all demonstrated convincing psychometric properties regarding internal consistency (Cronbach's a>0.6), repeatability (ICC>0.9) and construct validity (rho>0.5). Specifically for the LARS score, our findings are consistent with previous validation attempts and existing international versions [13] [14] [15] [16] .
Other LARS score validations used a single QoL question to investigate convergent validity, rather than the 2 instruments of EORTC used in our study [13, 14, 16] . The latter may not have provided the opportunity to evaluate specific QoL subscales. Similarly to the Chinese validation process, we investigated the convergent validity of LARS by analyzing its correlation with the rather extensive EORTC QoL instruments [15] . LARS, COREFO and MSKCC-BFI scores were significantly associated with tumor distance as well as temporary stoma. Low-lying tumors and temporary stoma construction appear to be associated with bowel dysfunction severity, as in other countries' LARS score versions [16, 15] . In contrast to COREFO and MSKCC-BFI scores, LARS score did not indicate that radiotherapy was an aggravating factor for postoperative bowel dysfunction. In line with the Lithuanian validation study, the lack of such an association may be explained by the rather smaller percentage of our patients' sample that had been preoperatively irradiated [14] . According to other validation results, patients have significantly higher LARS scores after neoadjuvant radiotherapy [13] .
Apart from anatomical and functional alterations, anastomotic level, age, sex, surgeon, stage, type of surgery (open/laparoscopic), length of postoperative period, temporary diversion ileostomy, adjuvant treatments, septic complications, and the use of a reservoir, have all been proposed as risk factors for LARS [23] [24] [25] [26] . It is imperative to clarify such predisposing factors so that it is possible to recognize patients at high risk of suffering LARS. The value of suggested intraoperative (i.e., colonic J-pouch) and postoperative interventions (biofeedback, sacral neuromodulation) for LARS prevention and management can then be further clarified [27] [28] [29] . A common symptom-based scoring system for bowel dysfunction after LAR for rectal cancer is undoubtedly of value. This will help in functional subgrouping for clinical interventions under investigation for LARS, as well as in scientific communication, by using a common language when analyzing postoperative bowel dysfunction. Validation of international instruments assessing LARS is of key importance. The international literature lacks evidence for the type of comparative assessment we performed in the current study. All 3 questionnaires were given to the same population and at the same time. The conclusions from the comparative study among the 3 questionnaires are both direct, through correlations of the overall scores and their subscales, and indirect, through correlations with the EORTC questionnaires. As expected, multiple correlations were observed between the most extensive and analytical questionnaires (COREFO and MSKCC-BFI) and the various EORTC QLQ-C30 and CR29 subscales. Nevertheless, it was notable that the task-oriented anorectal function questions of the short and quick to complete LARS questionnaire achieved meaningful correlations with significant functionality subdomains. The use of one questionnaire as an instrument to detect LARS does not preclude the use of another, depending on the purposes of the study being carried out. All 3 questionnaires have the ability to reveal patients who experience LARS. The COREFO and MSKCC-BFI questionnaires seem to be more suitable for comprehensive and in-depth evaluation of LARS. The LARS score, having only 5 targeted questions and without missing the core LARS symptomatology, may be considered as the most appropriate, rapid and accurate tool for screening and prospectively reassessing LARS.
Summary Box
What is already known:
• There is a lack of validated systems to evaluate low anterior resection syndrome (LARS) in Greece • The LARS score has been extensively validated and has been translated from the original Danish version into several languages • There is no previous comparative study of LARS questionnaires in Greek rectal cancer patients
What the new findings are:
• This was the first study to validate the LARS score questionnaire, colorectal functional outcome questionnaire (COREFO) and Memorial SloanKettering Cancer Center bowel function instrument (MSKCC-BFI) in Greek rectal cancer patients • The Greek versions of the LARS score, COREFO and MSKCC-BFI questionnaires were proven to have good psychometric properties and can be used as specific and valid instruments for measuring LARS • Comparative assessment of the 3 questionnaires revealed that LARS score may be established as the simplest and fastest to complete targeted tool for assessing LARS
